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A FLIGHT INVESTIGATION OF THE SCOUT FOURTH-STAGE
DIAPHRAGM SEPARATION DISTURBANCES

By Seymour Salmirs
Langley Research Center

SUMMARY

An investigation of the separation impulses of the Scout vehicle fourth-
stage separation system was conducted during a flight of the ST-T vehicle.
Separation impulses were obtained from the measurement of the third- and fourth-
stage motions and correlated with other ground investigations on the separation
mechanism. Visual light scanners and accelerometers were used to obtain a
record of the fourth-stage motion, and rate and attitude gyros gave information
on the third-stage motion.

The results showed that the impulse during the operation of the separation
diaphragm was in good agreement with that measured in ground tests. However,
the larger part of the flight-measured impulse occurred immediately following
the actual separation of the stages. The total measured impulse was about
5.5 pound-seconds, or more than twice the maximum measured in ground tests. A
resulting tipoff angle of 10° was encountered.

The close proximity of the third and fourth stages during and following
ignition was concluded to be the main cause of the tipoff impulse.

INTRODUCTION

The guidance of the fourth stage of the Scout vehicle is obtained by
pointing this stage in the proper direction while it is still attached to the
third stage and spinning it by firing four spin rockets located at the base of
fourth stage. The fourth stage is then ignited and separated while spinning,
and its original pointing is maintalned by the gyroscopic effects. The Scout
vehicle is described in reference 1, and a description of the separation system
may be found in reference 2.

The efficiency of spin stabilization has been theoretically investigated,
and spinning seems to be the most economical method of obtaining attitude sta-
bilization for small rocket motors, where the weight of guidance and control
components would offer severe performance penalties. References 3 and 4 discuss
methods of analyzing motions of spinning bodies with various disturbances
acting.



Reference 2 discusses the results of some of the Scout vehicle flights
during which it was apparent that the fourth stage was oriented in a different
direction than planned. The study of reference 2 indicated that the change in
direction was caused by a disturbance to the spinning vehicle and not an ini-
tial pointing error. This investigation was initiated to determine the motion
of the spinning stage and from it, an understanding of the forces that produced

the motion.

The separation of the third and fourth stages may be understood by refer-
ring to figure 1. The volume enclosed by the separation diaphragm and the motor
exit nozzle is pressurized by the motor ignition. As the pressure builds up,
the diaphragm deflects. The deflection releases the threads around the periph-
ery of the diaphragm and permits the fourth stage to leave the third.

Two horizon scanners mounted on the spinning vehicle provided data from
which the pitching motion of the vehicle could be calculated. Accelerometers
provided information on the total transverse and normal accelerations of the
fourth stage, and radar tracking permitted gross estimates of the vehicle tra-
jectory. In addition, forces acting on the third stage were determined from

measured body angular rates during fourth-stage
L spimup and separation.
85° Scanner

This report presents the results of the

flight of the ST-T7 vehicle, in which a large

! 757 Scanner separation disturbance was present, and examines
a5e Yoo the motions of the third and fourth stages to
— N find the source of the disturbing force.

o Paylocd
SYMBOLS
__—Antennos
h altitude of the vehicle, nautical
= miles
— | = Accelerometers
e 2
= = Ix roll moment of inertia, slug-ft
a— 4th-stage motor
. M disturbing moment, ft-1b
P spin rate, radians/sec
Motor nozzle R radius of the earth, nautical miles
t time, sec
Separstion diaphragm
XY,Z body-axis system centered at the
Third stage body center of gravity

X',Y',Z' earth-axis system centered at the

Figure 1.~ Schematic diagram 1
of fourth stage showing earth's center

mounting of scanners and
accelerometers. a earth scan-angle correction parameter
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B earth scan angle, deg

AB scan-angle correction, deg

5] Eulef body pitch angle, deg

Oc pitch plane tipoff angle, deg

8o initial body pitch angle above local horizontal, deg

04 total body pitch angle above local horizontal, deg

o] scanner mounting angle, deg

€ tipoff angle, deg

Vo yaw plane tipoff angle, deg

T time during which a disturbing moment is acting, sec
INSTRUMENTATTION

Horizon Scanners

Fixed telescopes having a 1° circular field of view were mounted on the
front end of the spinning vehicle as shown in figure 1. A record of the
pitching motions was obtained with these horizon scanners. The sensing elements
for the scanners were lead sulphide cells which, with the optics, were sensitive
to visible light and the near infrared to sabout 3 microns. Thus, the scanners
responded almost entirely to earth reflected solar radiation.

A sample of the records obtained are reproduced in figure 2. The spinning
motion of the vehicle was such that the scan first intercepted the southern
horizon and passed from earth to space at the northern horizon. Since the sun
was south of the equator at the time of the experiment, the reflected light from
the southern horizon produced a high-level signal from the scanner. As the
scanner passed over the earth, the reflected light intensity dropped off until
the scanner saw space (zero signal) and repeated the cycle. Subsequent to the
ignition of the spinning stage, one of the scanners was pointed in the vicinity
of the sun, as shown on the records in figure 2 by the steep high peaks between
the horizon pulses.

Two horizon scanners were used to cover the possibilities of large changes
in body attitude in either the up or down direction. In this flight the vehicle
pitched down; had the vehicle pitched up, one of the scanners would not have
seen the horizon.
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Figure 2.- Time history of scanner and accelerometer outputs.

Accelerometers

The four accelerometers mounted behind the payload in the fourth stage
provided a record of the transverse and normal accelerations of the vehicle.
It was possible to analyze these data by the method of reference 2 and to obtain
the total disturbing impulse; also, from the known configuration of the vehicle,
the total orientation error of the spinning stage could be obtained. This
orientation error is here defined as tipoff. With a spinning body, it is the
precession angle through which the body moves after being disturbed. The nuta-
tion frequency was measured directly from the accelerometer records.

Third-Stage Instruments

The data obtained and used from the third stage were the outputs of vehicle
guidance-system attitude and rate gyros. These instruments provided angular

L
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rate and position time histories from which moments acting on the third stage
could be deduced. The attitude information made it possible to estimate the
relative positions of the third and fourth stages during the separation process.

Radar

Radar data included measurements of vehicle sltitude, distance, and veloc-
ity from which the orientation and magnitude of the velocity vector were deter-
mined. Radar information on the third stage was excellent and provided good
velocity vector and altitude data at ignition of the fourth stage. Tracking
was lost at the time and scant information was obtained on the fourth stage
itself. The radar data, because of the lack of fourth-stage information, serve
only as a rough check on the final-stage behavior.

DATA ANALYSIS
Roll Rate

The sun pulses, shown in figure 2, obtained on the 75° scanner, provided
roll-rate information. The roll rate is proportional to the reciprocal of the

time interval between pulses.

Since the solar pulses provided sharper, hence

more easily read, signals than the earth pulses, they were used whenever they

appeared.
sun pulses, is shown
in figure 3(a). Fig-
ure 3(b) was obtained
from the earth scan
and shows the roll-
rate time history
prior to and immedi-
ately following igni-
tion of the fourth-
stage engine. The
earth pulses provided
good information for
these data since
there were no signif-
icant disturbances
during this period.
The sun did not
appear in the scan
until ignition and
oscillation of the
fourth stage.
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The time history of roll rate after ignition, as obtained from the
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(a) Time history during fourth-stage burning from sun pulses.

Figure 3.- Roll-rate time histories from 75° horizon scanner.



Scan cone/

Center line of scan cone

<

| ! I 1 ! i

41ih-stage ignition

180

68|

1561

1441

Roll rate, rpm

I
~

120k All spin motors

burnout

2 spin

108 Spin motor i
ANt motor
ignition burnout
96 i i L L L i 1 ! 1] 1 t
150 151 152 153 154 155
Time, sec
(v) Time history from earth pulses.
Figure 3.~ Concluded.
Pitch Attitude
zZ
z

Vehicle

2

Figure 4.~ Geometry of scan.

The scanner telescopes
describe a cone in space which
intersects with an assumed
spherical earth. The geometry
of the scan is shown in figure 4.
The parameters of the scan are:
altitude, portion of the scan
which intersects the earth, scan-
cone half-angle, body-pitch angle
of the vehicle, and radius of the
earth. All of these parameters
are known from the vehicle
design, instrumentation, and
radar data except the body-pitch
angle. The altitude is obtained
from the radar data; the angle
during which the scanner sees
the earth is obtained from the
scan data; and the other param-
eters such as the inertias and
telescope polnting angle rela-
tive to the roll reference axis
ere fixed in the design of the
experiment.

|




The intersection of the scan
and earth is mathematically described
by the equations presented in the
appendix. The equations were solved
on a digital computer for the spe-
cific configuration of the ST-7 vehi-
cle, and the results are shown in
figure 5(a). The angle B was
obtained by miltiplying the rate of
roll by the time of earth scan. The
equations of the appendix indicate
that the signal output of the scanner
begins as soon as the edge, rather
than the center line, of the scanner
field of view touches the horizon.
The resulting difference in measured
earth angle is therefore a function
of the angle at which the scan actu-
ally crosses the horizon. The equa-
tions used to determine the correc-
tion to B are given in the appendix.
Figure 5(b) shows the corrections,
calculated for the ST-T7 vehicle.

Because the signal output of the
scanner begins to rise when the
scanner field of view first encoun-
ters the earth's atmosphere and not
when it finally crosses the earth's
surface, an additional correction
to B 1is necessary. The mean alti-
tude of the fourth stage during
burning was about 200 nautical miles.
At this altitude the angular differ-
ence between the horizon at the

B, deq

120 —

[}
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60

20

o] i 1 1

35 40 45 50 55 60 65
6t, deg

(a) Variation of earth scan angle with
altitude and body-pitch angle.

Figure 5.~ Curves for solution of scan-
geometry equations for 75° scanner.

earth's surface and at the upper layer of clouds (assumed at an altitude of

5 nautical miles) is about 0.25°.

Since the scanner output starts at 0.25°

gbove the horizon when first crossing (and persists for 0.25° after passing)
the horizon, a value of 0.50° was subtracted from the scan angle.

The procedure used to determine the time history of the body-pitch angle

of the vehicle 1s as follows:

1. Multiply roll rate by earth pulse width to cobtain B.

2. Enter the curves of figure 5(a) with values of B and altitude deter-

mined from radar to obtain 0¢-

3. Enter curves of figure 5(b) with 64 and h to cbtain AB.



4. Subtract A
from B. Subtract an
additional 0.5° from B
to account for the
height of the earth's
atmosphere to obtain
the corrected B.

64 p—r—————— ' '

Ot =57°
56

48 6t = 55°

N

\\\

Bt=54°
5. Enter the curves

of figure 5(a) with the
br=52° { corrected B and h to
6t- 50° obtain the corrected 6y.
9p4y—-””’/////////// The time history of

vehicle body-pitch angle

is shown in figure 6.

| The Euler pitch angle ©
may be obtained from

this information by the

4.0

32

Correction factor ,Af3,deg

24

ek ft=40"— 4

®
T

[0 SRR SR 1 L 1 L 1 1 -4 L t

130 140 150 160 170 180 190 200 210 220 230 240 Yelationship
Altitude ,h,n mi
® =64 - 6o
(b) Earth-angle correction factors.
Figure 5,.- Concluded. 6 = et - 57.2

The value used for the initial body-pitch angle is explained subsequently.

Errors 1n Data and Computations

The roll~rate determination depended on the time interval between either
sun or earth pulses. Because of the slope of these pulses and the small dis-
tances on the record involved, the best time accuracy is about 2.0 milliseconds
out of approximately 335 milliseconds per revolution. The resulting error in
roll rate is about 1.1 rpm.

The pitch-attitude errors are also an important function of the accuracy
with which the time can be read during the earth scan. This time error is con-
sidered to be sbout 2 milliseconds. The rolling velocity error, because it
contributes to the earth scan angle, is also important. An additional error,
based on estimates of the reliability of the radar information, lies in the
altitude. Thls error was assumed to be about 12.0 nautical miles. Another
altitude error exists in that the altitude is increasing during the earth scan.
Calculations show that the altitude rate will cause a maximum error in 6t of

about -0,2°.

It can be seen from the curves of figure 5(a) that the relationship between
the angles f and 6¢ and the altitude h are such that the values obtained

for 04 Dbecome more uncertain as 64 1s reduced. Thus, the error in 6¢
resulting from errors in B and h 1s an important function of 64 itself.
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The noise in the telemetered signals was of such magnitude as to cause
some error in reading the earth pulse width. Since the noise was not consistent,
the error contributed by it varied from point to point.

The errors from all the sources were considered and applied to various cal-
culated points during the data-reduction procedure. The results are shown in
figure 6 on the pitch time history. Generally, when the vehicle pitched down
to low angles, the errors were significantly larger. Errors of about +0.4° in
8¢ were obtained at high values of 0, whereas errors as high as +3.0° were

possible at very low values. These errors were obtained by using the highest
cumalative total from the error sources. The small rate of change of signal
amplitude with time evident on the 85° scanner (as shown in fig. 2) produced
large errors in time readings for that scanner. These errors rendered the data
from the 85° scanner relatively unrelisble. These data were consequently not
used except for general verification of the data from the 75° scanner. The main
reason for incorporating the 85° scanner in the system was to cover the possi-
bility of a tip-up rather than a tip-down attitude change. Had this change
occurred, the T75° scanner may not have intersected the horizon.

RESULTS

Scanner Data

The scanners mounted in the spinning fourth stage provided the informastion
for the time history of the pitch-attitude angle in figure 6. These scanners
provided pitch-attitude informstion prior to ignition of the final stage. The
plotted points show that the vehicle pitch angle resulting from the guidance
program of the Scout vehicle was 57.2° * 0.49. The predicted angle at this

62 i —

‘ 4th-stage ignition ) N

58 Nominal

Possible error

54

i i
g | I
- %0 | |
& I |
|t
Rough burning period
46
42 O From 75° Scanner
O From 85° Sconner
38 A 4ih-stoge
burnout
150 154 158 162 166 170 174 178 182 186 180 194 198

Time from lift-off, sec

Figure 6.- Time history of fourth-stage motion in pitch plane.
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time was 57.6° * 0.5°. After ignition, a coning or precession of the fourth
stage was produced, in addition to the nutation of the spinning stage due to
thrust misalinement. The estimated nutation amplitude was calculated to be
about 0.2°, too small for the time history to detect. The center of the coning
envelope, the pitch tipoff angle, immediately following ignition of the fourth
stage was about 9.1° below the pointing angle prior to ignition.

The pitch motion is marked by an apparent unsymmetrical demping envelope.
The result of the jet demping and other forces operating during burning was to
reduce the coning from about 18° to 3° and raise the center of the cone from
9.1° pitch-down at ignition to 7.0° pitch-down at burnout. An increase of the
nominal angle of 1.2° during burning is shown in figure 6. This change in
angle occurs because the vehicle maintains its inertial position while traveling
over the spherical earth. The change in angle reflects the change in the local
earth vertical.

Calculations, based on the analysis of reference 2, were made, of the total
impulse disturbance required to produce the motion encountered. The equations
for the tipoff angles in the pitch and yaw planes for a body-fixed moment are

Be = M sin(pT)
pr2
M (1)
WC - I QEOS(PT) - J;]
<P
The total tipoff angle is then
€ = 2M2 sin %; (2)
Iyp
Teking the ratio of pitch angle to total tipoff gives
5 2
cos(pr) = 2<:§> -1 (3)
and solving for M from equation (2) yields
€pr2
M= —— (%)
2 sin —
2

Equations (3) and (4) were plotted against equation (2) in figure 7 for the
case investigated where the pitch tipoff angle of 9.1° was encountered. The
data from the fourth-stage accelerometers, which showed a total e of 10°, may
be used to enter the curves of figure 7, from which a moment and time are
obtained, the product of which is an angular impulse. This is the impulse
required to produce the motion observed. An angular impulse of about

10



20 ft-lb-sec is obtained. With the
distance from the fourth-stage cen-
ter of gravity to the exit plane of
the motor of 3.33 ft, the linear or
impulse is about 6.0 lb-sec. This
value is the impulse that would be
required if the moment were rotating
with the body and applied about the
yaw axis.

801 <1000

1900

-1800

{600

Time of impulse, T,millisec

The roll-rate time history of
figure 3 shows an immediate reduc- |
tion in roll rate following ignition %0
of the engine. After this reduction
occurred, the roll rate increased ~— M°mﬂ";7 1%

Moment, fi—Ib

~

steadlly up to a point near the end T
of burning; then the rate of change
increased until burnout, when roll
rate reached a steady level.

300
30 o4 98 102 106 no na ns

Tipoff , €,deq

Figure T.- Disturbing moment and time of
The calculated steady-state disturbance to produce total tipoff

moment to provide the required aver- for a 9.1° pitch tipoff.

age increase in roll rate for the

first increase was about 0.27 ft-1b 1f the inertia is assumed to vary linearly.
The more rapid rate of increase near the end of burning required an average
moment of 0.31 ft-1b. These numbers represent averages, and the actual instan-
taneous moments could be expected to be much larger.

Accelerometer Data
The physical characteristics of the third and fourth stages of the ST-T7

Scout vehicle necessary for reduction of the data are given in the following
table:

Center-of-gravity station of fourth stage, in. . . . . . . « « « « . . . 64
Center-of-gravity station of third stage, in. . . . . . . . . « . . . . 164
Center-of-gravity station of attached third and fourth stages, in. « . . 118
Fourth-stage nozzle-exit-plane station, in. . . . . . « « ¢« « « « « . . 104
Roll inertia of fourth stage, slUg-ft2 . o v « o o & « o « « « « « « « » 5.7k
Pitch and yaw inertia of fourth stage, slug-ft2 s 1 I~
Pitch and yaw inertia of third stage, slug-ft2 e e o o o o . . o . 4o3
Pitch and yaw inertia of attached third and fourth stages, slug-ft2 . . . 1165
Welght of fourth stage, 1b . . & & ¢ ¢ v 4 ¢ o ¢ o o o o o o o o o o o & 627
Welght of third stage, 1b . . . . . ¢ ¢ ¢ & ¢ ¢ v ¢ ¢ v ¢ ¢ o ¢ s o o o & 721

The accelerometer data shown in figure 2 were analyzed by the method of
reference 2. The resulting total angular impulse was 18.15 ft-lb-sec or a
linear impulse of 5.45 lb-sec applied at the motor exit plane. The impulse cor-
responded to a total initial body pitching rate of 26.6° per second and result-
ant tipoff angle of 10°. These values are based on the assumption that an

11



impulsive disturbing moment was applied at separation of the spinning fourth
stage. The total impulse, resolved into an average moment operating for a short
period of time, produces the body rate and tipoff angle calculated. It should
also be noted that the maximum peaks on the accelerometer recordings occurred

at about 7O to 80 milliseconds after ignition and that the disturbances con-
tinued for about 180 milliseconds. The arrows on the accelerometers in fig-

ure 2 indicate the direction for positive acceleration measurement. For example,
the high peaks on traces A and C indicate that a force on the corresponding
accelerometers is applied in the upper left-hand direction.

Third-Stage Angular Rates

The third-stage angular rates are shown in figure 8(a). The time period
considered is immediately before the ignition of the fourth stage and for
200 milliseconds following ignition. The time of ignition was teken as the
point of the first reading on the transverse accelerometers.

The roll rate shows a large transient immediately following ignition indi-
cating a very large roll disturbance. This large disturbance initiated a cor-
rective torque by the roll-control Jets on the third stage. The third-stage
pitch and yaw Jets did not operate during the time of
and immediately following separation. The disturb-

Up 1O
z ances shown were due to the separation processes.
28 _s0 109”7 2q0
8 T ;ngmuku At about 60 milliseconds a reversal in force is
E Down 161 evident in the yaw plane and a force is applied in
the pitch plane. At about 7O milliseconds there is
Left 20 also a change in the roll moment. The time scale is
affected by the telemeter and instrument lags, and
. LO- the times of rapidly changing events may be in error
§§ 2\ Jio 200 by as much as 10 milliseconds. If it is assumed that
- — . the physical separation of the third and fourth stages
2" Time, millis6 occurs at about the time of these discontinuities,
Right 10L then separation occurred at between 60 and 70 milli-
seconds. Up to this time the impulse derived from
50 o 100 200 these curves 1s in the proper direction to produce
] Time, millisec the resulting fourth-stage motion. The total trans-
- 0 verse impulse is about 1.7 lb-sec with about
Sy T 1.6 lb-sec in the pltch plane. This separation
:3 impulse and duration is of the same order of magnitude
= 8oF as those measured during ground tests on the fourth-
stage motor in reference 5. An additional impulse in
Right 1204 the opposite direction was evident from these records

t= 0 ot first accelerometer disturbance after physical Separation .

(a) Third-stage angular

velocities. Third-Stage Angular Positions
Figure 8.- Third-stage
behavior during The third-stage angular positions are shown in
fourth-stage figure 8(b) for the same time interval covered by the
ignition. rate data. The yaw attitude is marked by an apparent

12
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loss of signal during a large part of the interval
covered. An assumed time history is shown for this Down 1.2
period. The yaw attitude signal was transmitted on
a channel that was shared by other data. For this
reason, the data were not contimuous. The pitch
attitude is not zero at this time, but for the pur-

Pitch angle, deq

poses of obtaining the relative positions of the ° 00 200
third and fourth stages, this is not important.

These data are discussed subsequently in describing

the vehicle motions. e AsSUMEd

Right 0.8 I/ a4 commutation interyal

DISCUSSION OF RESULTS

Yaw angle, deg
°

Left -08 1 1

The results of the analysis of the third-stage
motions indicate that a total impulse of about Raght 1.6
1.7 lb-sec was applied to the fourth stage after the
start of ignition and during the operation of the
separation diaphragm. Immediately after diaphragm
separation the forces evident on the third stage are o .
acting in the wrong direction to produce the measured 0 100 200
fourth-stage motions. The impulse during separation Time, milfisec
is in good agreement with the data in reference 5
which shows separation impulses from 1.0 to 2.3 lb-sec. (b)ThinL$tige‘“ﬁitude
However, this lmpulse is very much lower than the Bnges-
total deduced from the fourth-stage scanner data Figure 8.- Concluded.
(6.0 1b-sec) and accelerometers (5.45 lb-sec).

o8-

Roll angle, deg

The fourth-stage accelerometers showed disturbances from ignition until
about 180 milliseconds later. Calculations show that at this time the separa-
tion of the stages is approximately 14 to 16 inches. It will be noted in ref-
erence 5 that this time interval corresponds to the approximaste time at which
the motor chamber pressure has reached its steady-state value. Calculations
show that at about 3 to 5 milliseconds after separation, the flow in the nozzle
throat becomes sonic.

The sequence of the separation events appears to occur in approximately
the times and manner indicated in the following paragraphs. The times are those
taken from unpublished data obtained during the ground tests reported in refer-
ence 5. These times appear to be in good agreement with the flight measure-
ments. The sequence is schematically illustrated in figure 9.

(1) At t =0 the igniter is actuated.

(2) At t =~ 30 milliseconds, the nozzle closure plug is blown and the
diaphragm begins deflecting.

(3) At t =~ 60 to 7O milliseconds, the stages are physically separated.
At this time approximately 20 percent of the total disturbing impulse has been
imparted to the fourth stage, and the exhaust gas flow in the nozzle throat
becomes sonic.

13



() At t =~ 70 to 80 milliseconds, the peak disturbing moment 1s reached,
and the stages sre separated sbout 1/2 inch. The angle between the stages is
about 0.25° in pitch and 1.5° in yaw.

(5) At t =~ 180 milliseconds, the large disturbing impulses end; the stages
have about 14 to 16 inches of separation; precession has started with the rela-
tive angles between the stages about 5° in pitch and 1.5° in yaw; the motor
chamber pressure has reached a steady-state value.

Two possible sources are responsible for the large impulse experienced.
The first is a disturbed flow in the motor itself, while the chamber pressure
is undergoing large variations. The investigation of reference 5 failed to
reveal any such large impulses for the motor itself; however, the pressure
source used in that study was a point instead of the actual burning grain and
the difference between the two may be significant.

A second possible cause of the large disturbance is the dynamic interac-
tion of the exhaust gas between the third and fourth stages. The tests of ref-
erence 5 used a simulated third stage, wherein not only the mass but also the
geometry of the interface was simulated. However, the pitch inertia was con-
siderably smaller because of the space limitations. It is possible that this
similation, while providing the proper separation rate between stages for no
transverse force, may have greatly overestimated the separation rate due to
rotation of the third stage. The stages would have been in close proximity for
a longer time in the actual flight than in the simulation and thus would tend
to produce greater interaction and higher impulses. It is also possible that
body -spin has a significant effect. Spin was not investigated in the ground
tests. The transverse disturbance due to the close proximity of the stages may
be described with reference to figure 9. The pitch and yaw attitudes of the
third stage were obtained from the telemetered record of the guidance-system
gyro reference. These records are shown in figure 8(b). The attitudes of the
fourth stage are very approximate and are deduced from calculations based on the

Disturbing impulse

Fourth stage ‘ o o '

Fourth-stage cg. . . 1 Exhaust gas
Disturbing 1mpulse Disturbing impulse 1= 75 to 100 millisec

PR
,—Dlophrogn xhoust gas Fitch plane
Impulse= 0.7 Ib-sec
Combined cg.-—P-G
Third-stage cg.

t=0 to 75 millisec t =75 to 100 millisec t =180 millisec
Yaw plane Yow plane No further large disturbances
Impulse=17 b -sec Impulse = 32 1b -sec Fourth stage

Third stage

Figure 9.- Third- and fourth-stage relative positions during
separation.
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moments obtained from figure 7. The separation between stages was calculated
from an assumed thrust time history based on the results of reference 5. The
impulses obtained are those derived from the change in angular rates of the
third stage.

The 1mpulse and forces in the assumed sequence are all in the proper direc-
tions and roughly of the correct magnitude to produce the motions measured.
Although the calculations and séquence are only approximate, it 1s believed that
they represent a reasonable estimate of the situation. A more detailed study of
the motions would increase the complexity of the analysis beyond the scope of
this paper. It would require data which are not available, and the necessary
assumptions would maske its accuracy questionable.

CONCLUSIONS

An investigation of the tipoff of the final stage of the Scout vehicle was
conducted during a flight in which a large disturbance was detected. The fol-
lowing conclusions were reached:

1. A tipoff disturbance of about 5.5 to 6.0 lb-sec was produced, and it
caused a total tipoff angle of 10°. The tipoff in the pitch plane was 9.1°
pitch-down.

2., The separation disturbance, estimated from third-stage instrumentation
during the time of separation, was about 1.7 lb-sec. The magnitude of this
impulse is in agreement with ground investigations.

3. The largest impulse was obtained after separation and lasted untill &
separation distance of 14 to 16 inches was reached. This disturbance was
believed due to the close proximity of the stages and the interaction of exhaust
gases during this time.

4. The use of the separation diaphragm provided the possibility of a large
tipoff because of the possibility of its unsymmetrical release and its require-
ment for the close proximity of the stages during ignition.

5. An average roll moment of about 0.3 foot-pound during fourth-stage
burning was measured.

6. The third-stage pitch angle at ignition of the fourth stage was within
the guidance system tolerances.

7. Visible radiation horizon scanners were satisfactorily used to produce
a time history of body-attitude angle during fourth-stage operation.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., September 1k, 196k.
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APPENDIX

THE GEOMETRICAL RELATTONSHIPS OF THE

FARTH SCANNER AND SPACE VEHICLE

The use of the horizon scanners in the experiment was based on an unpub-
lished analysis of the geometrical relationships of the vehicle in space in the
vicinity of the earth. The analysis was performed by Mr. J. W. Youngblood of
the Langley Research Center. The geometry problem is illustrated in figure k.
The analysis resulted in the following applicable simultaneous equations:

&Eﬂh + h2)

(R + h)231n o} 00526

2
1/2
- (R + h)cos & sin 6

cos B = -1 (A1)

1/2
2 2 2 .. 0
2\2Rh + h cos 5 * sin BY2R l + cos - (R+h i 6
sin 0 = ( )7‘ d ( B) ( ) sin’d sin ? (A2)

(R + h)[%inES(l + cos B) + 2 c052$]

These equations were solved simultaneously on a digital computer for the earth
scan angle B and the body-~pitch angle 6. A range of values of altitude was
selected to cover the altitude range for which the attitude information was
desired. The scanner mounting angle & was determined and was also used as an
independent variable in the equations. The results of the computer solutions

are plotted in figure 5(a).

Mr. Youngblood's analysis took into account the fact that the scan was of
finite dimensions and not a simple line. The finite scan crosses the horizon
before its center line, and the result is that the apparent earth scan angle B
is larger than the true angle. The correction equations developed by
Mr. Youngblood sare:

MB = csc a (A3)

2)1/2

_ (R + h)sin ;) (2Rh +h
COos a = -

£ A
R /sin o R cot 8 (ak)

The correction factor AB was calculated for a range of altitudes and
body angles to cover the actual flight ranges of these parameters. The cor-
rection factor is plotted in figure 5(b).
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